Phytonutrients are chemicals that are derived from plants and aid in both human health as well as the prevention of chronic disease. One type of phytonutrient classification is organosulfides which includes mostly cruciferous vegetables, as well as garlic. Allium, sulforaphane, glutathione, and isothiocyanates are organosulfides that are examined in this current review of literature for their anti-carcinogenic, antithrombotic, anti-atherosclerotic, anti-inflammatory, anti-microbial, and anti-oxidative effects. The following review will also focus on specific research examining the effects of organosulfides on health outcomes such as prostate cancer, breast cancer, gastric cancer, colorectal cancer, diabetes, and hypertension.
INTRODUCTION
Phytonutrients are chemicals found naturally in plants. Often, these phytonutrients are the first defense mechanism for plants to protect themselves from fungi, germs, and insects. Similar to vitamins and minerals found in plants, phytonutrients have many health benefits and are known as functional foods. [1] The Academy of Nutrition and Dietetics defines functional foods as "whole foods and fortified, enriched, or enhanced foods that have a potentially beneficial effect on health when consumed as part of a varied diet on a regular basis, at effective levels." Neutraceuticals are foods that are used to prevent or treat a disease. Neutraceuticals contain essential nutrients and phytochemicals that have proven to have disease-fighting properties in the realm of nutrition therapy. Unlike functional foods, the scientific value of neutraceuticals on health has been based on thorough scientific research. Information on chemical structures, biological functions, and implications for clinical use are all associated with neutraceuticals for health. [2] Both functional foods and neutraceuticals contain organosulfides, a type of phytonutrient.
Allium
Allium sativum (garlic) has been examined for its anti-carcinogenic, anti-thrombotic, anti-atherosclerotic, anti-inflammatory, anti-microbial, and anti-oxidative effects. The most active compound found in garlic is allicin (dyallyl disulfide). Although many benefits can be derived from allicin, its instability necessitates proper preparation practices for consumption. Allicin's chemical structure shows its instability, which makes it sensitive to reactivity. Allicin only exists as a biologically active compound when garlic is crushed or cut, so that the enzyme allinase can metabolize alliin to allicin; thus, it is important to know how to prepare allicin to derive optimum benefits. [3] It is suggested to wait 10 min after mincing and cutting in order to give enough time for the allicin to form. Consuming garlic raw also achieves the most optimal benefits. [4] In a review of literature examining the action mechanism of garlic, it was suggested that garlic derivatives influence DNA adduct formation, mutagenesis, cell proliferation, scavenging of free radicals, angiogenesis, and differentiation. [3] Additionally, garlic was found to stimulate apoptosis as well as reduce the growth rate of cancer cells with cell cycle blockage in the G2/M phase. [5] ANTI-MICROBIAL RESEARCH Research has shown that allicin is the most effective phytonutrient found in garlic in regard to anti-microbial activity. Allicin is shown to have a broad range of effects, such as inhibiting the growth of over 300 kinds of microbes including methicillin resistant staphylococcus as well as both gram positive and gram negative bacteria. [6] The anti-microbial properties of allicin are often compared to the anti-microbial properties of prescribed antibiotic drugs. At a cellular level, the anti-microbial benefit is due to the phytonutrient's ability to be transported across the cell membrane and into the cytoplasm where it exerts its action intracellularly. [7] Allicin's potency may also contribute to its anti-microbial action, as 1 mg of allicin is equivalent to 15 international units of Penicillin. In just one clove of garlic, there can be up to 13 mg of allicin, an amount not considered miniscule. [4] Allicin is what gives garlic its potent smell and when consumed, it bathes bodily systems, a plausible explanation for garlic-scented breath.
HYPERTENSION RESEARCH
Focusing on the preventative and therapeutic role of garlic on hypertension, a study examined the effects of garlic on blood pressure in patients with stage 1 essential hypertension. [8] This was a 24-week, single-blind, placebo controlled study with 210 newly diagnosed patients with stage 1 hypertension. Patients were divided into seven groups each containing 30 participants. Patients in each group were either given garlic tablets in doses of 300, 600, 900, 1200, and 1500 mg per day. A separate group was given 100 mg per day of atenolol and another group was given a placebo. Results of this study showed a significant decrease in systolic blood pressure and diastolic blood pressure for all dose groups of garlic when compared to the placebo group at week 0, week 12, and week 24. Higher doses of garlic and longer duration periods were associated with a reduction in blood pressure. [8] The findings in this study support the anti-hypertensive effects of garlic. [9] A meta-analysis looked at prospective studies that examined the association between all alliumcontaining vegetables (garlic, onions, and leeks), garlic supplements and colorectal cancer. [9] Studies were included if they met the following inclusion criteria: The study had a prospective cohort or case cohort study design; the relationship between allium vegetables or garlic supplements and colorectal cancer was present; and, the study provided a relative risk statistically significant level.. Eight cohort studies were identified using allium vegetables and a total of 5458 patients. Five cohort studies on garlic supplements were also identified with a total of 2685 patients. A pooled analysis revealed no significant association between high allium vegetable intake and colorectal cancer; however, a subgroup analysis showed a 23% increased risk for colon cancer in women associated with low allium vegetable intake. [9] A meta-analysis of two cohort and 19 case-control studies analyzed the association between allium vegetable consumption and gastric cancer. [10] Studies met inclusion criteria if they used a case control or cohort study design, had data on the occurrence of gastric cancer, included consumption of allium vegetables, and used odds ratios or relative risks with confidence intervals. A total of 543,220 subjects were included in the study. The meta-analysis finds that when comparing the highest and lowest groups of allium vegetable consumption, the highest group had a reduced risk for gastric cancer. In a dose-response analysis for the case control studies, results found that an overall consumption of 20 g/day was associated with a significant 9% decreased of gastric cancer risk. While this meta-analysis suggests a preventative effect of allium vegetables on risk of gastric cancer, there are several limitations that need to be considered. Confounders, such as infection of H pylori, were not controlled for. The individual studies varied in the amounts of allium vegetables consumed in the highest and lowest consumption groups, and some of the studies were not originally designed to study the consumption of allium vegetables in relation to gastric cancer. [10] Sulforaphane Sulforaphane, a phytonutrient that is classified in a group of plant-based biologically active compounds called isothiocyanates associated with positive health benefits. [11] Sulforaphane is found in many cruciferous vegetables belonging to the family of Brassicaceae. [11] This vegetable family includes broccoli, cabbage, cauliflower, and Brussels sprouts (Brassica oleracea), Chinese cabbage and turnips (Brassica rapa), and other lettuce crops including watercress (Rorrippa nasturtium-aquaticum) and arugula (Eruca sativa). [11] Sulforaphane is formed indirectly when sulfur-containing molecules present in crucifers, called glucosinolates are metabolized in the body. Plant enzymes called myrosinases hydrolyze glucosinolates to form biologically active compounds called isothiocyanates that include sulforaphane. [11] Sulforaphane (R-1-isothiocyanato-4-methylsulfinylbutane) structurally consists of a β-D-thioglucose group, a sulphonated oxime group, and a side chain derived from amino acids. [2] It is the most hydrophilic dietary isothiocyanate with a molecular formula of C6H11NOS2. [11] It is important to note that the benefits of sulforaphane are only released from plants when the food is chewed, causing the plant tissues to break down leading to the reaction between myrosinase and glucoraphanin.
CANCER RESEARCH
Sulforaphane was identified in 1992 by a group of researchers while investigating the activity of several fruit and vegetable extracts as enzymes. [12] Researchers found that broccoli extract was one of the most potent inducers of anti-carcinogenic enzymes and attempted to isolate the compound responsible. An extract was successfully isolated and was found to be responsible for more than 80% of the inducer activity in broccoli. The compound that was isolated was identified as sulforaphane. [12] Clinical studies of sulforaphane indicated its potential health benefits as an anti-ORGANOSULFIDES carcinogenic compound, including its ability to act indirectly as an anti-oxident and induce phase II detoxification enzymes. [13] In addition to its anti-carcinogenic properties, sulforaphane has also been implicated as a broad-spectrum anti-microbial and anti-inflammatory agent. [13] Moon et al. [15] investigated the potential anti-helicobacter activity of sulforaphane and related compounds in broccoli. [15] Broccoli sprouts were used to make a crude methanol extract that was extracted with hexane, chloroform, ethyl acetate, and butanol. The extractions were then inoculated with a strain of H. pylori and analyzed for the presence of inhibition zones. The chloroform extract tested positive for the isothiocyanate sulforaphane and was found to have the greatest inhibition zone (>5 cm) after exposure to the H. pylori strain.
The results indicate that sulforaphane may have bactericidal activity against H. pylori and cruciferous vegetables may be excellent food sources for medicinal substances. [15] In a 2012 review article, a comparison was made between studies which used different methods for analyzing, isolating, and purifying sulforaphane in order to examine its chemopreventive properties. [16] The articles that were reviewed explored the anti-inflammatory, anti-carcinogenic, cancer cell inhibiting, and anti-oxident properties of sulforaphane. Studies done on cancer cells explored the effects of sulforaphane on leukemia, prostate cancer, colon cancer, bladder cancer, breast cancer, ovarian cancer, pancreatic cancer, and melanoma. Although research has shown many positive effects from the use of sulforaphane, the authors pointed out that there are many areas that need further exploration. More clinical studies on humans must be done in order to better understand the chemopreventative effects of sulforaphane and to distinguish the differing effects of pure sulforaphane versus vegetable extracts. [16] 
ANTI-INFLAMMATORY RESEARCH
A study examined the anti-inflammatory properties of sulforaphane as expressed in the ovalbumininduced murine asthma pathway. [16] In the study, mice were sensitized by an exposure to ovalbumin, treated with injections of sulforaphane, and subsequently challenged with ovalbumin inhalation. [16] The mice treated with the sulforaphane injections experienced lower levels of inflammatory cells, mainly eosinophils, in the bronchoalveolar fluid within the lungs as compared to the untreated mice and airway hyper-responsiveness was greatly reduced. [16] Furthermore, sulforaphane was shown to reduce levels of Th2 cytokines. Th2 cytokines are inflammatory molecules that are present in chronic asthma that promote inflammation in the endothelial cells of the bronchi and epithelial cells in the airway. Sulforaphane was shown to reduce levels of ovalbumin-specific IgE, an immunoglobulin associated with allergies. [18] These results indicate that sulforaphane may be therapeutic for asthma and other allergic diseases, but further research is needed. [16] There are numerous published reports on the effect of sulforaphane as an inducer of phase II enzymes, which have antioxidant and detoxification properties. These enzymes play a role in regulating the reduction of reactive oxygen species (ROS) in cells, as well as in the concentration of thiol buffers that protect cells from oxidative damage. [18] A study by Angeloni et al. examined the time-dependent expression and enzyme activity of the phase II enzymes glutathione (GSH) reductase, GSH-s-transferase, GSH peroxidase, nicotinamide adenine denucleotide phosphate (NADPH): quinone oxidoreductase-1 and thioredoxin reductase in the presence of sulforaphane in the neonatal cardiomyocytes of rats. [19] The cultured cardiac cells were treated with sulforaphane, exposed to hydrogen peroxide, and intracellular anti-oxident activity was subsequently measured.
There was evidence that sulforaphane helped decrease the production of intracellular ROS, increased cell viability, and promoted a drop in DNA fragmentation while at the same time inducing antioxidants and up-regulating phase II enzymes. [5] These results indicate the potential cardio protective nature of sulforaphane through the induction of phase II enzymes in cardiomyocytes and the increased resistance of cardiac cell injury by way of ROS. [19] 540 FRANKEL ET AL.
DIABETES RESEARCH
In addition to the cancer fighting effects of sulforaphane, this phytonutrient has also been studied in humans and animals for its effects in diabetes. Mirmiran et al. explored the question of whether broccoli sprouts powder loaded with high levels of sulforaphane would have an effect on inflammatory markers in diabetic patients. [20] The protocol consisted of a randomized, double-blind, placebo controlled clinical trial. A total of 81 type 2 diabetic patients participated in this trial and were randomly assigned to three groups: the placebo group, the 5 g/d of broccoli sprouts powder group and 10 g/d of broccoli sprouts powder group. [20] The clinical trial lasted 4 weeks during which 3-day dietary recalls were performed (at baseline and four weeks after). Weight, body mass index measures and fasting blood samples (taken after 12-14 h of overnight fasting at baseline and again 4 weeks after the intervention) were taken. At the end of the trial, data on 63 of the initial 81 participants were presented. At the conclusion, the two groups who were given the broccoli sprouts powder experienced decreases in serum hs-C-Reactive Protein concentrations, as well as decreases in serum interluekin-6 and tumor necrosis factor-alpha concentrations. These decreases in serum markers show that the high concentration of sulforaphane in broccoli sprouts powder has an effect on inflammatory markers that are present in patients with type 2 diabetes. Treatment approaches for type 2 diabetes have anti-inflammatory effects. These are important to the treatment of patients with type 2 diabetes because they allow for better management of the symptoms and can lead to better prevention of some of the vascular diseases that are associated with type 2 diabetes. [20] The connection between sulforaphane and diabetes has also been studied in rats. Souza et al. explored the effects of orally administering doses of sulforaphane on the occurrence or progression of diabetes in male Wistar rats. [21] The rats were divided into five groups, including a control group, a streptozotocin group, and three different streptozotocin groups which were treated with different levels of sulforaphane concentrations. Samples of liver tissue, adipose tissue, retroperitoneal tissue, and skeletal muscle were dissected from the rats after death and serum levels of cholesterol, urea, creatinine, and activities of the enzymes alanine aminotransferase and aspartate aminotransferase. [21] The study showed that all three of the levels of sulforaphane doses had a protective effect against the effects of hypoglycemia in the kidneys by lowering creatinine levels. In addition to the effects on liver function, this study also showed a protective effect against alterations in the function of glucose uptake in adipose tissue and maintenance of hepatic glycogen. [21] VASCULAR RESEARCH
Kwon et al. evaluated the effects sulforaphane on smooth muscle cells by inducing carotid artery
injuries in rats and then treatings with either sulforaphane or a vehicle treatment. [22] The results of the experiment revealed that sulforaphane has the potential to prevent restenosis, which is a common issue that occurs after a vascular injury. Sulforaphane is thought to regulate adhesion molecules in order to inhibit certain pathways that can result in the regulation of vascular inflammatory responses as well as the proliferation and migration of vascular smooth muscle cells after an injury. This research opens the door for further research on the possible use of sulforaphane in the treatment of certain vascular diseases. [22] In addition to the possible effects of sulforaphane on treatment of vascular disease, another publication explores the possibility of neuroprotective effects of sulforaphane in response to a spinal cord injury. [23] The study found that when two doses of sulforaphane were administered to rats after a contusion spinal cord injury, there was evidence of beneficial effects-both long-term ORGANOSULFIDES and short-term. These effects include antioxidant response at the site of the injury, lower levels of inflammatory cytokines, and increased locomotor function in the hind limbs to name a few. These results show that there is a possible use for sulforaphane as a part of spinal cord injury therapy treatment. [23] OTHER RESEARCH Other studies on sulforaphane focus on detoxification effects. The study examined tilapia fish bred on a local fish farm in Mexico. [24] The fish were separated into three different groups; one which was fed regular feed that consisted of alfalfa sprouts, another group were fed broccoli sprouts, and a third group were fed alfalfa sprouts that were mixed with sulforaphane. After 30 days of the experimental diets, results showed that those fish that were given a diet that included sources of sulforaphane showed an ability to detoxify the body of the harmful compounds known as polycyclic aromatic hydrocarbons (PAHs). These compounds are known to causes disease, alter growth patterns, alter reproductive schedules, and cause cancers and mutations in certain animals including fish. The study found that the presence of sulforaphane helps to improve the levels of CYP450, which plays an important role in the elimination of PAHs. [24] With this long list of benefits of sulforaphane, scientists are interested in finding more sources of sulforpahane and determining what foods have the highest concentration of sulforaphane. [25] Isothiocynate Wasabi japonica (wasabi) is part of the chemical group of organosulfides known as isothiocyanates. The isothiocyanates found in wasabi are derived from the hydrolysis, or breakdown, of glucosinalates, which are the sulfur-containing compounds found in the wasabi root. According to a study, the isothiocyanate content of wasabi is about 100-150 mg per 100 g. [26] The plant's medicinal uses date back to the 10th century in Japan, where it is widely believed that the chemical components in wasabi act as anti-microbials, killing off bacteria and treating infections. This also serves as an explanation as to why it was originally selected as an accompaniment for raw fish dishes such as sushi. Botanically, the wasabi root is part of the Brasssicaceae family, which is also known as cruciferous and is the same family as horseradish, mustard seed, brussel sprouts, broccoli, and cauliflower. [26] 
CANCER RESEARCH
Isothiocyanates have been touted as a promising phytonutrient for its role in chemoprevention, which is the use of natural or synthetic agents to reverse, inhibit, or prevent the development of a chronic-degenerative disease as well as decrease its incidence. [27] More specifically, there has been much research on their cancer-prevention properties. It is thought that isothiocyanates may help to prevent cancer by promoting the elimination of potential carcinogens from the body by heightening the transcription of proteins capable of suppressing tumors. [15] Another mechanism of action by which they are thought to eradicate cancer cells is by stopping their individual cell cycle and inciting apoptosis. [27] In an animal breast cancer study, progress was made in examining the chemopreventative qualities of isothiocyanates. [28] Breast cancer was induced in eight week old female rats. The rats were administered an isothiocyanate compound and their tumor appearance was monitored over the course of 18 weeks. It was found that those rats given the isothiocyanate compound treatment were able to prolong their tumor-free survival and decrease their tumor incidence and duplication. This study pointed to the supplementation of isothiocyanates for prolonging the tumorfree survival as well as its chemoprevention in the rats. [28] Additionally, these researchers highlighted that this was the first time it had been reported in a scientific study that an isothiocyanate compound, such as those found in cruciferous vegetables, had anti-angiogenic effects in breast cancer-induced animals. Because a compound with anti-angiogenic effects inhibits the growth of blood vessels, this was a significant finding as a method attesting to the chemopreventative activity of isothiocyanates. [28] Recent research examines the mechanisms of phenethyl isothiocyanate and its anticancer activity toward malignant melanoma cancer A375.S2 cells in humans. Results of this research found that phenethyl isothiocyanate induced G2/M phase arrest as well as apoptosis. This occurred via the endoplasmic reticulum stress-mediated mitochondria-dependant pathway. Another mechanism by which phenethyl isothiocyanate induced apoptosis was by increasing ROS levels, which can cause mitochondrial membrane depolarization leading to apoptosis. Phenethyl isothiocyanate also promoted Bax, a proapoptotic protein, and decreased Bcl-2, an antiapoptotic protein. [29] A similar study examines the role of phenethyl isothiocyanate and apoptosis in KKU-M214 cells of the cholangiocarcinoma (CCA) cell line compared to Chang cells as a reference. [30] Phenethyl isothiocyanate was evaluated in relation to cellular GSH. Results found that in both KKU-M214 and Chang cells, phenethyl isothiocyanate induced apoptosis as evidenced by a decrease in Bcl-xl levels and an increase in Bax levels. The mechanism of action for phenethyl isothiocyanate proposed in this study is an increase of cellular mobilization, as well as activation of mitochondrial cell death pathway. [30] OTHER RESEARCH Although it seems the majority of the research of isothicyanates is focused on cancer prevention, there has also been significant science conducted on the anti-inflammatory effects of wasabi due to its high isothiocyanate content. Focus was put on wasabi's preventative measures in inflammation, specifically in its role as defense against bacterial infection. This was a key study because it was the first time it was found that the research conducted indicated that the isothiocyanate content in wasabi may target immune and inflammation-related genes in relation to anti-inflammatory function. [31] A study was published that looked at the wasabi plant in regards to rats with hypercholesterolemia.- [32] It was hypothesized that a condition such as hypercholesterolemia increased the production of oxygen-free radicals and animals fed a high cholesterol diet were shown to have a depressed oxidant system. Therefore, it was suggested that any positive anti-oxidant effect would potentially improve hypercholesterolemia in rats. The study aimed to prove this hypothesis and did so successfully. Results revealed that a wasabi-based diet had significant anti-hypercholesterolemia effects in rats with high cholesterol. At the same time, the results showed the high density lipoproteins cholesterol levels in those rats increase as their low density lipoproteins cholesterol levels decreased, illustrating the benefits. The study concluded that the results may provide rational for using wasabi leaf extract in certain conditions related with oxidative stress or hypercholesterolemia. [32] GSH GSH is phytonutrient under the classification of thiols. [33] Thiols are organic compounds that contain sulfur in a unique bonding structure. GSH exists in a variety of foods, with the highest concentration found in animal products. This is due to the fact that GSH is produced in animals as a natural ORGANOSULFIDES antioxidant. The potential health benefits of GSH are wide ranging, including prevention and treatment of almost all conditions associated with oxidative stress. GSH is a water-soluble tripeptide, made up of the amino acids: cysteine, glutamate, and glycine. [33] This intracellular molecule is found in either its reduced form (GSH) or its oxidized form (oxidized glutathione with a di-sulfide bridge). When GSH is oxidized, it forms a disulfide bond with free radicals or other ROS that need to be removed from the body. [34] GSH is then reduced back to its original state by the enzyme NADPHdependent GSH reductase, as the free radical is removed from the body. It is the behavior of the sulfurcontaining amino acid cysteine that gives GSH its antioxidant capabilities. Because of its prevalence in the intracellular environment, GSH is responsible for much of the detoxification load in the body from drugs, carcinogens, and other environmental pollution. Additionally, GSH has been shown to play a role in nutrient metabolism, synthesis of DNA and proteins, apoptosis, and a whole host of other cellular events. [35] 
ANTI-INFLAMMATORY RESEARCH
The powerful antioxidant GSH is synthesized within the body. [33] In fact, GSH is the most abundant, endogenously manufactured antioxidant that exists in humans. First identified by Frederick Gowland Hopkins at Cambridge University in 1929, GSH's function in biochemistry has led to the theory of free radicals that we know today. [36] This landmark discovery now informs our very understanding of disease, guiding our therapies and treatments. Because of its role in disease prevention at a systemic level, GSH has been implicated in prevention and/or treatment of almost all oxidative stress related conditions, including cancer, HIV and AIDS, Parkinson's disease, hepatitis, autism, type 2 diabetes, drug hepatoxicity (especially acetaminophen), and even psychiatric disorders such as schizophrenia and bipolar disorder. [33, 38, 39] A cross-sectional study focusing on polymorphisms in the GSH pathways and modulation in cystic fibrosis severity found that the polymorphisms in GSH pathways are associated with the severity of cystic fibrosis. [39] The study was conducted between 2011 and 2012 and included 180 patients with cystic fibrosis. Polymerase chain reaction (PCR) was used to identify polymorphisms.
Cysteine is the limiting amino acid of the tripeptide for GSH synthesis, increased dietary cysteine intake has been shown to raise GSH levels. In animal trials involving rats given whey protein supplementation (a rich source of cysteine), a significant rise in plasma GSH levels was observed. [40] Increasing precursors to cysteine itself, such as the amino acid methionine, has shown the same relationship with GSH levels. [41] Derivatives of cysteine, primarily N-acetylcysteine, has been found to also be a GSH precursor. [42] Treatment involving N-acetylcysteine supplementation has been given to individuals experiencing acetaminophen hepatoxicity because it has been found to replenish intracellular GSH. [43] In the GSH pathway that removes ROS from the body, the GSH molecule is recycled and has the ability to be used again. However, when an extreme burden of toxins is present, GSH can be depleted. Acetaminophen, the common anti-inflammatory drug has been found to deplete GSH levels. [37] It is important to note that the ratio of reduced-GSH to oxidized-GSH changes as we age, skewing toward higher levels of the oxidized form of GSH over time. [44] Additionally, the body's ability to synthesize GSH to recover from depleted levels decreases with age. This has wideranging implications for individuals of advanced age living in areas with many environmental pollutants or those taking GSH-depleting drugs like acetaminophen regularly. The need to focus on GSH level enhancement is clear.
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ANTIBACTERIAL RESEARCH
Low concentrations of GSH occur when the body is unable to properly synthesize GSH. This leads to central nervous system damage and recurring bacterial infections. [41, 46] In contrast, a high concentration of GSH molecules within the body occur in areas of extreme oxidative stress such as cancerous tissue; research that has attempted to modulate GSH levels appropriately during cancer treatment has been found to increase cancer survivorship and effect tumor drug effectiveness. [18] This shows the active, protective effect of GSH and how important healthy GSH levels are to human health.
Other sources have been identified that raise GSH-related enzymes known as GSH peroxidases. [46] GSH peroxidases represents a family of eight currently identified molecules that each have their own unique tissue location in the body that they protect. The primary function of these enzymes is to locate and inactive the hydrogen peroxide that acts as a ROS in the body. GSH peroxidases, unlike GSH, contains selenium that must be obtained from the diet. Recent trials have found that organic selenium supplements increase GSH peroxidases activity in health adults. [47] Silymarin, also known as milk thistle, has been found to effectively prevent and treat the characteristic GSH drops associated with ethanol-induced oxidative damage. [48] Additionally, Alpha-lipoic acid has been shown to restore blood GSH levels in HIV patients, when administered at 300 mg three times daily. [49] To meet this amount of alpha-lipoic acid through dietary sources would be difficult, especially for those that avoid eating meat; heart, kidney, and liver meats are highest in alpha-lipoic acid and fruit/vegetable sources contain much less. [50] CONCLUSION Research into the beneficial health impacts of phytonutrients and neutraceuticals has been at the center of functional food creation in recent years (see Fig. 1 ). Most commonly, phytonutrients are examined for their role as antioxidants, protecting the body from the oxidative stress caused by free radicals as FIGURE 1 Organosulfides, food sources: cruciferous vegetables, garlic, chives, and leeks. ORGANOSULFIDES well as anti-carcinogenic effects, anti-microbial effects, and anti-inflammatory effects. It is important to know how to increase the optimal benefits phytonutrients have to offer. Its medicinal value can contribute to modern medicine as a more natural and economical alternative to drugs and supplements, and can also offer a more economical and natural alternative to chemical fertilizers and anti-microbials that deplete foods of their nutrients and contribute to bacterial resistance. While often times research is in its infancy, the promise of alternatives to traditional medicine is incredibly enticing, especially to those in the field of dietetics. New research about phytonutrients and organosulfides in particular and how they affect our health are rapidly becoming a part of medical science. [51] [52] [53] [54] 
